Towards understanding the beneficial impact of ceria-based catalytic layers on the performance of DIR-SOFCs
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The commercially used biogas-fed Solid Oxide Fuel Cells (SOFCs) with Ni-YSZ anode suffer from carbon deposition and sulfur poisoning during the internal reforming process of fuel. Therefore some alternative solutions can be applied to improve the stability and the performance of SOFC directly fed with hydrocarbon-containing fuels (DIR-SOFCs).
One of the possibilities is to use the ceria-based catalytic layers deposited on the anode side. They present high mobility of oxygen ions, high oxygen storage capacity (OSC), attractive redox catalytic properties and chemical compatibility with water and carbon dioxide at high temperatures. Moreover, the high oxygen mobility in ceria promotes the mechanism of carbon removal, which in turn should contribute to the stability of the catalysts in hydrocarbon conversion reactions. When deposited on the SOFC anode site ceria may increase the efficiency of SOFC anode operation throughout the acceleration of the process of charge exchange in the triple-phase boundary (TPB). Cerium oxides have also been commonly used as sulfur-tolerant components in cermet anodes because of their good performance and low cost relative to those of the available alternatives. 
Recently ceria has also paid some attention due to the potential ability of exsolving metallic nanoparticles to the surface of its grains. In this process occurring in reducing conditions, some cations from host compound diffuse and form nanoparticles on the oxide support. The exsolution method offers even distribution of particles as well as improved attachment to the host material [1]. Additionally, the exsolution process may be partially reversible, meaning the exsolved particles could be incorporated to the host lattice in the oxidative conditions [2]. Although the exsolution remains the hot topic and constant development in this field is observed, the research is mostly focused on the in situ growth of monometallic nanoparticles from perovskite-like structures. Only few experimental works on exsolution from fluorite structures can be found, and what is more, they have focused mostly on Ni-nanoparticles exsolution [3]. Moreover, there is no agreement in the origin of these nanoparticles, as the exsolution in fluorite structures is not unequivocally confirmed.
The aim of the presentation is to discuss the correlation of ceria superior catalytic activity in DIR-SOFC anode conditions vs. its structure and electrical properties. The compounds were be characterized by various methods, i.a. XRD, SEM, TEM, TPR, XPS, XAS, 4WDC, IS and XAS. The near-edge (XANES) and extended (EXAFS) range spectra analysis allowed to reconstruct the local structure of elements both in the as-prepared and reduced ceria, leading to a deeper understanding of the exsolution process in fluorite structures depending on the external conditions, as well as a type of transition metal dopant. Moreover, the occurrence of cerium in the mixed valence state of Ce3+/Ce4+ was confirmed, what has a significant influence both on catalytic properties and on resistance to carbon deposition when this material is used as an anode for SOFC. The structural properties will be complementarily presented with DIR-SOFC achievements and composition of outlet gasses from anode with additionally deposited ceria. Both achievements and obstacles in understanding the anode activity will be discussed.
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